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Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A91associated with baseline COMP and mCOMP at 5.5 hours in all subjects,
healthy subjects, and OA subjects. This method rejected the least sig-
niﬁcant measure until all independent measures’ P<0.100; one knee
was used per subject.Table 1. Subject demographics (BMI: Body Mass Index; KL: Kellgren-Lawrence).
All (n¼73) Healthy (n¼40) OA (n¼33)
Gender 35 F, 38 M 19 F, 21 M 16 F, 17 M
Age (yrs, mean ± SD) 56.3 ± 10.9 53.1 ± 11.3 60.2 ± 9.0
BMI (kg/m2, mean ± SD) 26.6 ± 3.7 26 ± 3.8 27.3 ± 3.5
KL grade (mean ± SD) e e 2.5 ± 1.2Results: KAM and age were positively correlated with the resting
concentration of COMP for the combined group based on the backward
stepwise regression; after the mechanical stimulus, FP and age were
correlated with mCOMP at 5.5 hours (Table 2). The separation of groups
helped clarify the nature of these associations. Interestingly, for the
healthy group, the combination of FP and age was correlated with
baseline COMP, whereas mCOMP at 5.5 hours was correlated only with
FP (Table 3). For patients with knee OA, the combination of KAM and age
was correlated only with resting COMP (Table 4).Table 2. All Subjects: Baseline COMP correlated with KAM and age; mCOMP
correlated with FP and age.
Dependent Variable Measure Std. Coeff. P Model R2 Model P
Baseline COMP Age 0.46 0.000 0.26 0.000
KAM 0.22 0.036
mCOMP at 5.5 hrs Age 0.24 0.032 0.23 0.000
FP 0.36 0.002
Table 3. Healthy Subjects: Baseline COMP correlated with FP and age; mCOMP
correlated with FP.
Dependent Variable Measure Std. Coeff. P Model R2 Model P
Baseline COMP Age 0.44 0.004 0.34 0.001
FP 0.25 0.099
mCOMP at 5.5 hrs FP 0.61 0.000 0.37 0.000
Table 4. OA subjects: Baseline COMP correlated with KAM and age.
Dependent Variable Measure Std. Coeff. P Model R2 Model P
Baseline COMP Age 0.32 0.060 0.19 0.046
KAM 0.29 0.086
mCOMP at 5.5 hrs No measure correlated with p<0.100Conclusions: This study provides new insight into the relationship
between ambulatory mechanics and the pathomechanics of knee OA by
relating speciﬁc features of gait kinematics and kinetics to a biological
marker of OA. In healthy subjects, the ﬁnding that the kinematic
measure FP was associated with COMP and mCOMP (Table 3) supports
the relationship between kinematic changes and the initiation of OA.
Furthermore, the interaction of age with the biological changes pro-
vides insight into the risk of developing OA with increased age. These
ﬁndings are consistent with studies of healthy subjects that report
associations between regional cartilage thickness variations and knee
kinematics, as well as studies that report associations between agingand knee kinematics. In subjects with knee OA, the observation that
KAM is correlated with baseline COMP (Table 4) supports several
studies that describe the relationship between KAM and the pro-
gression of knee OA. This suggests a mechanism where continuous
increased medial loads in patients with knee OA is coactive with
chronically-elevated levels of serum COMP. Finally, the fact that the gait
measures used in this study have been previously associated with
structural changes in cartilage helps bridge the connection between
ambulatory mechanics, cartilage structure, and biological changes that
are implicated in the pathogenesis of knee OA.
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DOES PROLONGED MUSCLE ACTIVITY DURING GAIT EXPLAIN A
DECREASED ABILITY TO UNLOAD THE KNEE JOINT IN THOSE WITH
MEDIAL COMPARTMENT KNEE OSTEOARTHRITIS?
G. Hatﬁeld y, W. Stanish z, C. Hubley-Kozey z. yUniv. of British Columbia,
Vancouver, BC, Canada; zDalhousie Univ., Halifax, NS, Canada
Purpose: The role of joint loading in the progression of knee osteo-
arthritis (OA) is becoming increasingly evident. Gait biomechanics,
including a “stiff gait” (decreased ability to unload the knee joint), have
been associated with OA severity and are predictive of progression to
total knee arthroplasty. “Stiff gait” is thought to be a response to
decreased joint stability associated with passive osteoligamentous
changes found in knee OA, with muscles playing a role in providing
active stiffness to maintain joint stability. Thus alteration in muscle
responses, including higher and prolonged muscle activity during mid-
stance reported in knee OA, should be related to biomechanical char-
acteristics associated with a “stiff gait”. Therefore, this study deter-
mined i) if variables capturing “stiff gait” were related to variables
capturing prolongedmuscle activation during gait, and ii) whichmuscle
activation patterns best predicted a “stiff gait” pattern.
Methods: 54 patients withmoderate, medial compartment knee OA (59
(8) years, 31 (5) kg/m2) had three-dimensional lower limb motion,
ground reaction forces, and electromyograms from ﬁve lower extremity
muscles (vastus lateralis (VL), vastus medialis (VM), rectus femoris (RF),
medial (MH) and lateral (LH) hamstrings) recorded during self-selected
speed walking. External moments were calculated using inverse
dynamics, expressed in the joint coordinate system, and amplitude-
normalized to body mass (Nm/kg). Muscle activation patterns were
amplitude-normalized to maximum voluntary isometric contraction.
All waveforms were time-normalized to percentage of gait cycle.
Waveform shape and magnitude features were extracted using Princi-
pal Component Analysis (PCA), and waveforms were scored based on
how closely they matched extracted patterns. PC2 scores for the knee
adduction moment (KAMPC2) and knee ﬂexion moment (KFMPC2)
(biomechanical variables capturing “stiff gait” and decreased ability to
unload the knee joint, see Figure 1A and B) and PC2 scores for each of
the muscle activation patterns (capturing prolonged activation,
Figure 1C and D) were used in the statistical testing. Pearson product
moment correlation coefﬁcients quantiﬁed relationships between the
biomechanical variables and muscle activation patterns, and stepwise
regression models (p &lt 0.05 to enter model, p &gt 0.1 to remove)
determined which muscle activation patterns best predicted KAMPC2
and KFMPC2.
Results: Prolonged activation (PC2 scores) of all muscles studied were
signiﬁcantly associated with KAMPC2 (p<0.01), with correlation coef-
ﬁcients ranging from r ¼ 0.39 (MHPC2) to r ¼ 0.58 (VLPC2, Figure 1E).
KFMPC2 was signiﬁcantly correlated (p<0.01) with prolonged activa-
tion of all muscles except LH, with correlation coefﬁcients ranging from
r ¼ 0.40 (MHPC2) to r ¼ 0.66 (VLPC2, Figure 1F). All relationships were
positive, with more prolonged muscle activation (i.e. lower PC2 scores)
associated with a stiffer gait pattern (i.e. lower KAMPC2 and KFMPC2
scores). Based on the stepwise linear regression models, VLPC2 was the
best predictor of KAMPC2, with a coefﬁcient of 0.57. The model
explained 32% of the variance in KAMPC2 scores. The stepwise linear
regression model for KFMPC2 contained VLPC2 and RFPC2, with coef-
ﬁcients of 0.56 and 0.31, respectively. This model explained 50% of the
variance in KFMPC2 scores.
Conclusions: Prolonged activation of both the quadriceps and ham-
strings were associated with the biomechanical features capturing a
“stiff gait” and decreased ability to unload the knee joint. This study
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A92provides evidence linking the role of the musculature directly to joint
mechanics, and speciﬁcally prolonged quadriceps (VL) activity to the
inability to unload the joint during mid-stance. While not a sig-
niﬁcant predictor, the correlations for the hamstrings implicate
prolonged antagonist co-activity as playing a role in “stiff gait” as
well. Understanding these relationships between speciﬁc bio-
mechanical features and muscle activation patterns can aid in the
development of potential targets for conservative interventions to
improve “stiff gait”.
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ALTERED SAGITTAL PLANE KNEE KINETICS FOLLOWING ANTERIOR
CRUCIATE LIGAMENT INJURY AND RECONSTRUCTION IS
ASSOCIATED WITH KNEE T1r AND T2 CARTILAGE RELAXATION
TIME AT LONGITUDINAL FOLLOW-UP
H.-L. Teng, F. Su, D. Wu, A. Azus, R.B. Souza, B.C. Ma, X. Li. Univ. of
California, San Francisco, San Francisco, CA, USA
Purpose: This study aimed to compare knee ﬂexion and extension
moment impulse during walking following ACL injury and 6 months
and 1 year after reconstruction to healthy controls, and examine the
associations between knee moment impulse and T1r and T2 cartilage
relaxation time.
Methods: Thirty-eight individuals with ACL injuries who underwent
ACL reconstruction (age ¼ 30.1 ± 8.4 years, BMI ¼ 23.6 ± 2.8 kg/m2, 22
males, time to injury ¼ 70.7 ± 12.9 days) and 17 healthy controls (age
¼ 31.4 ± 4.8 years, BMI ¼ 24.4± 3.0 kg/m2, 12 males) participated. All
subjects underwent 3D gait analysis and knee MR scan. Knee kine-
matics (250 Hz, VICON, Oxford, UK) and ground reaction forces (1000
Hz, AMTI, Watertown, MA, USA) were recorded while subjects walked
at a controlled speed of 1.33 m/s. Sagittal plane knee joint moment
was computed using Visual3D (C-Motion, Germantown, MD, USA) and
normalized to body mass. Knee ﬂexion and extension moment impulse
during stance were calculated as the integral of knee ﬂexion and
extension moment with respect to time, respectively. MR images were
acquired using a 3 Tesla MRI scanner (GE Healthcare, Milwaukee, WI,
USA) with an 8-channel phased array knee coil (Invivo, Orlando, FL,
USA) before surgery and 6 months and 1 year after surgery. The
imaging protocol included: (1) high-resolution 3D fast spin-echo CUBE
sequence (TR/TE ¼ 1500/26.69 ms, FOV ¼16 cm, matrix size ¼
384384, slice thickness ¼ 0.5 mm, echo train length ¼ 32); (2)
quantitative combined T1r/T2 relaxation time sequence (T1r TSL¼ 0/
10/40/80 ms, spin-lock frequency ¼ 500 Hz, slice thickness 4 mm, FOV
¼ 14 cm, matrix size ¼ 256128, T2 preparation TE¼ 0/12.87/25.69/
51.39 ms). Sagittal CUBE and T2 images were rigidly registered to the
T1r relaxation time map images. Six compartments were segmented
semi-automatically in CUBE images: medial femoral condyle (MFC),
medial tibia, lateral femoral condyle, lateral tibia, trochlea and patella
(PAT) based on edge detection and Bezier splines. T1r and T2 relaxa-
tion times were determined with a pixel-by-pixel, two-parameter
exponential ﬁt. T1r and T2 values of each compartment were com-
puted as the mean of all pixels belonging to the ROIs. Repeated-measures ANOVAs with post-hoc Bonferroni tests were used to
examine time effect on knee kinetics in ACL subjects. Independent t-
tests were used to compare differences in knee ﬂexion and extension
moment impulse between ACL and control subjects. Pearson correla-
tions were used to evaluate the association between knee kinetics and
cartilage T1r and T2 relaxation time.
Results: Signiﬁcant time effects were observed for knee ﬂexion and
extension moment impulse in both injured (p¼ .002 and <.001,
respectively) and contralateral (p¼ .02 and <.001, respectively) limbs in
subjects with ACL injury. Post-hoc analysis revealed that the ACL
injured limb showed signiﬁcant increase in knee extension impulse at 6
months and 1 year and signiﬁcant decrease in knee ﬂexion impulse at 6
months and 1 year compared to baseline (Fig 1). Similarly, the con-
tralateral limb showed a signiﬁcant increase in knee extension impulse
at 1 year compared to baseline (Fig 1). When compared to controls, the
ACL injured limbs showed signiﬁcantly higher knee extension impulse
at 1 year and lower knee ﬂexion impulse at 6 months and 1 year (Fig
1,2). Similarly, the contralateral limb showed limbs showed signiﬁcantly
higher knee extension impulse at 6 months and 1 year and lower knee
ﬂexion impulse at 1 year (Fig 1,2). Pearson correlations revealed that
baseline knee extension impulse was signiﬁcantly correlated with 6-
monthMFC T1r and T2 relaxation times (r¼ -.33, -.48, respectively) and
1-year MFC T1r and T2 relaxation times (r ¼ -.35, -.38, respectively). In
addition, 6-month knee extension impulse was signiﬁcantly correlated
with 1-year MFC and PAT T1r relaxation time (r ¼ -.43, -.42,
respectively).
Fig 1. Knee ﬂexion and extension moment impulse during stance phase of
gait for ACL injured and contralateral limbs before surgery (baseline) and
at 6 months and 1 year after surgery and right limbs of healthy controls. P-
values show results of independent t-test for between-group comparison
and post-hoc Bonferroni tests for within-group comparison.
Fig 2. Knee moment during stance phase of gait for the ACL injured and
contralateral limbs before surgery (baseline) and at 6 months and 1 year
after surgery and right limbs of healthy controls.
Conclusions: Our ﬁndings revealed that individuals with ACL injury
showed increased knee extensionmoment impulse and decreased knee
ﬂexionmoment impulse at 6months and 1 year in both ACL injured and
contralateral limb. Higher knee extension moment impulse was asso-
ciated with lower MFC T1r and T2 and PAT T1r relaxation times at
follow-up. This suggests that increased knee extension moment
impulse may be employed as a protective mechanism of cartilage
loading. Longer follow-up is needed to verify the effect of increased
knee extension impulse on cartilage composition.
